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SDM^^ARY 


The results ottained from a series of flight measurements of 
e,tmosphsric turbulence within convective -type clouds and from 
meteorological soundings ecco presented together with descriptions of 
the flights and concui'rent weather conditions ■ Hiese results are 
presented to provide a bacliigroimd of experience for the forecaster 
and pilot by illustrating the turbulence conditions as indicated by 
effective gust velocities in convective -type clouds under spring and 
summer weather conditions along the eastern coast of the United States. 


INTRODUCTION 


Up to the present time, few detailed quantitative data have been 
available on meteorological observations made concurrently with 
measurements of atmospheric tui'bulence. Ttiis information Is important 
to meteorologists and flight personnel in the planning of flight 
operations for which turbulence must be predicted on the basis of the 
usual synoptic meteorological reports. 

opportunity to obtain such data was afforded by a recent 
investigation of atmospheric turbulence conducted by the Langley Gust 
Loads Section of the KAOA. Acceleration and airspeed records taken 
during flights of the XC -35 airplane through turbulent air in convective - 
type clouds permitted the determination of turbulence in terms of 
effective gust velocities, end radio soundings me.de at the time of each 
flight and concurrent synoptic weather reports provided the meteor- 
ological data. 

In order to malce the information available to meteorologists 
and flight personnel, the results obtained from the meteorological 
measurements and concurrent flight measurements of atmospheric 
turbulence for typical weather situations are presented herein. It 
is evident that this type of information obtained in a series of tests 
in one locality over a limited period of time is insufficient to 
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establish general flight rules. The material presented is therefore 
intended only to provide a background of experience for the veather 
forecaster and pilot which would not be readily obtainable and which 
may be used as a guide for future estimates of atmospheric turbulence 
from other meteorological observations . 


TURBULENCE MEASUREMEOTS FROM AN AIRPLANE 


A quantity extensively used in the measurement of atmospheric 
tm*bulence from an airp].ane in flight is the effective gust velocity 
Ug (reference 1) defined by 


IL 
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( 1 ) 


in which 

An acceleration increment normal to airplane, g (gravity) 
units 

W weight of airplane, pomds 

m slope of wing lift -coefficient cwve, per radian 

mass density of air at sea level, slugs per cubic foot 
S wing area, square feet 

V equivalent airspeed, feet per second; obtained from 
0 

V -Vf'le, 

V true airspeed, feet per second 

p mass density of ambient air, slugs per cubic foot 

K relative alleviation factor, a function of wing loading 

V/S, allowing for response characteristics of airplane and 
velocity gradient within gust 

As indicated by equation (l), the effective gust velocity is determined 
from the acceleration response of the airplane to a gust and as such 
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Is a fictitious velocity assumed to act over the entire airplane and 
in a vertical direction since the usual gliding and cllmhing angles 
relative to the horizontal plane are smal] . The majcimum effective 
gtist velocity over a given path of rough air serves as a very useful 
parameter in the sti’dy of structural loads because of its relation 
to the maximum normal -acceleration increment of the airplane. 

The relation between the effective gust velocity and the actual 
gust velocity, a basic moteorclogical q\iantity, depends upon the 
assumptions made in the derivation of equation (1) . On the basis of 
data obtained in flights with the XC-35 airplane, it is shown in 
reference 2 that the maximum effective gust velocity is proportional 
to the maxiim.im actual gust velocity as measured by indicated-airspeed 
fluctuations over a given flight path. Unpublished analyses made by 
the Lajigley Gust Loads Section have furthermore shown significant 
correlation between the meocimum effective g’.;st velocity and other 
meteorological quantities, which indicates the validity of the maximum 
effective gust velocity as a meteorological parameter. In view of 
the significance of the maximum effective gust velocity to structiural 
loads on aircraft and to meteorological conditions, it is used in 
the present paper as the peirameter specifying atmospheric gustiness. 


APPAEATUS 


The XC-35 airplane used to obtain the flight data was a 
modification of the Lockheed 10 -E incorporating a pressiu'ized cabin 
and engines of greater power. It was designed for a service ceiling 
of 35,000 feet and had a wl.ng loading W/S of 24.3 pounds per square 
foot. The K-factor used in computing the effective gust velocities 
was 1.08. (See fig.l of reference 1.) Other characteristics and 
dimensions of the airplane are listed in reference 2. 

The instruments used in the airplane to dctermiiie the gust 
intensities for the present study were: 

(1) NACA air -damped recording accelerometer 

(2) MCA airspeed recorder 

(3) MCA synchronous timer (l-sec interval) 

The acceleration and airspeed recorders wore standard MCA instruments 
and were fitted with magazines carrying sufficient photographic film 
for 30 minutes of record. The timer was used to synclironize the 
airspeed and acceleration measurements by impressing 1 -second -interval 
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timing marks on the records. 

Photographs of cloud developments prevailing at the time of the 
flights and within which the measurements of turbulence were obtained 
were made from the airplane with a hand Agfa Speedex camera of 

3^'inch focal length. 

Equipment for obtaining atmospheric soundings consisted of a 
Diamond -Hinman -Erie z Eayson.de, the development of which was sponsored 
by the Ifavy, incorporating an electric hygrometer and the cycloray 
type of ground recorder. 


TEIST FEOCEDURE 


Airplane flights and radiosonde ascents were made when weather 
conditions appeared conducive to turbuT.ence at high altitudes . 

Morning synoptic reports and soundings provided information on which 
the txarbulence forecast for the day was based, but flights were not 
begun until succeeding observations of cloud development verified the 
forecast. 


The radiosonde program ms arranged with the intention of 
obtaining three or four consecutive soundings spaced at iixtervals 
of about 2 to 4 hours tiiroughout the days of the airplane flights . 
Because of instrumentation difficulties and forecasting limitations, 
however, tlie number of meteorological soundings end, the time of 
soundings relative to the time of the airplane flights varied. 

The usual procedure was to climb to service ceiling, to select a 
cloud formation for survey, and to nuike successive traverses through 
the cloud at various altitudes. Most of the traverses were made 
through cumulus -congestus and cxmaulo -nimbus clouds, but in several 
instances measurements of gust intensities were laade in clear air when 
tiurbulence was encoimtered. The test instruments in the airplane were 
operated only at times when turbulent conditions prevailed, and 
measurements were made at altitudes varying from about 2000 
to 3^,000 feet. 


SELECTION OF DATA 


A total of 35 flights was made with the XC-35 airplane under a 
variety of spring;; and summer weather conditions . These flights were 
classified in a.ccordance with the local weather conditions prevailing 
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at the tlmej that is, measiirements obtained under conditions in which 
thermal air-mass activity was predominant as the cause of cianulus 
cloud grovrth were separated from tliose which included other significant 
factors. The various categories are as follows : 


(1) Tropical maritime air mass, very weak surface pressure gradient 

(2) Tropical maritime air mass, advection from the south or southwest, 

cold front to the northwest 

(3) Cold front passing, polar continental air replacing tropical 

maritime air 

(4) Warm front approaching, polar maritime air at the surface, 

tropical maritime air aloft 

(5) Stationary front to the south separating tropical maritime and 

polar maritime air 


Flights were selected from each category on the basis of the completeness 
of the information available. 


RESTF.TS 


A total of 10 representative flights has been chosen for 
presentation herein. One figure is inciuded for each flight: part (a) 
shows the surface synoptic weather chart for 1330 eastern stand^ard 
time on the date of the flight, and part (h) shows the atmospheric 
sounding taken nearest to the time of the flight. Part (b) also 
includes one or two photographs of typical clouds traversed and a 
diagram to illustrate the vertical extent of the clouds traversed. In 
addition, the range of efi-ectlve gust velocity experienced on each 
traverse of the flight is noted by horizontal bars superimposed on the 
cloud diagram. The end points of the bars represent maxlmura values 
with positive gust velocities directed upward and negative gust 
velocities directed downward. The symbols and nomenclature for the 
data included in the figures for each flight are given in table I. 

In parts (b) of the figures, curves of constant potential 
temperature 0 (dry adiabats) arid constant equivalent potential 
temperature 9 (moist adiabats) are drawn through the point which 

represents the height of the haac- of tire clouds traversed. At each 
significant point represented by a circle, values are given for the 
mixing ratio in grams per kilogram and the relative, humidity in 
percent. The observations for the upper winds at times closest to 
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the time of flight ere also shown. Each "half-length feather" on 
the wind arrow repre.eents one mmiber on the Beaiif ort scale . 
Examples representative of tJie various categories are given in the 
following sections. 


Tropical Mfiritime Air Mass, Very Weak Surface 
Prt.ss’ore Gradient 


Flight of Aurrust 20. I<^k2 . - The entire eastern part of the 
United States was covered by tropical mrjritime air circulating 
around the western side of the Bermuda high on August 20, I9U2. 

As shown by the synoptic chart (fig. 3(a)) the surface pressure 
gradient was very weak at Lengley Field, Va., which allowed a sea 
breeze to develop during tluo afternoon giving a mcdcx’ote southeasterly 
wind. The possibility of frontolysis occurring near the Virginia - 
North Carolina border is indicated by t}ie high clouds over Langley 
Field which were reported as a cirro-stratus overcast until li<-30 FST 
and chemged through broken alto -ciaaulus clouds to scattered clouds 
at 3-6 oO EST. Scattered cumulus clouds with bases at 30OO feet 
also appeared diufing the morning and increa.sed to broken cumulus - 
congestus clouds with tops up to 15,000 feet by 1600 EST. The 
radio soimding (fig. 1 (b)) shows a conditionally unstable ls.yer 
up to 13,000 feet topped by an isotherma] iayor from I3.OOO 
to 15,000 feet. Winds aloft as shewn in figure 1(b), were fairly 
li£?ht, veering from southwest at hOOO feet to west at about 20,000 feet. 

The cloud selected for survey after take-off at 1435 ^ST was 
a cimiulus -congestus cloud to the southwest of Langley Field with base 
and top estimated at 3OOO and 15,000 feet, respectively. Between 
1456 EST and I51B EST, five traverses were made through the cloud 
which -vras apparently beginning to dissipate. Photographs of tlie 
cloud in two stages of development are given in figure 1 (b). 

FlliTht of September Q. 1942 . - During the afternoon of September 9, 
1942 cumuli form clox’ds, showers, and thunderstorms were prevalent 
over most of the southeastern states. Tlie surface synoptig chart 
(fig. 2 (a)) shows that surface temperatures ranged from 75° on 
Cape Charles, Va., s\irrormd6d by water, to 94° F at South Hill, Va. 

A front, which probably did not affect the development of cumulus 
clouds on this day, is shown about 180 niiles north of Langley Field. 

Observations at Langlo5’ Field showe d scattered cirrus clouds 
moving from the west and persisting all day. Cumulus clouds appeared 
at 3.130 EST sjid developed to heights estimated to be 20,000 feet. 
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An analysis of the sounding (fig. 2(1)) does not indicate 
a great deal of energy available for convection but does indicate 
the possibility cf cloud deveiojanent at heights up to 23.000 feet. 
Other soundings made on the same day showed no significant 
differences other than in the lower layers influenced by diurnal 
heating . 


A series of traverses was made through a developing cumulus - 
congestus cloud fcrma.tion near Le,ng3.ey Field between 1331 and 
ll»27 EST. The survey was made in steps of increasing altitude from 
5000 to 15,000 feet, and during this time the cloud top increased 
in height from 10,000 to 20,000 feet, lip and down drafts w'ero 
encountered in all trav^erses up to 14,000 feet and rain was observed 
above 9000 feet. Bain began to fall from the base of the cloud after 
the landing was made at l4i:-6 EST and the cloud then dissipated 
rapidly . 

Fl-tght of Sentember IQ. 1Q42 ■ - As shewn in figure 3(a), Langley 
Field was between two higli-pi’essurd centers to the northeast and 
southwest end two low-pressure centers to the northwest and southeast 
on September I9, 1942. Classification of the air mass is accordingly 
somewhat difficult. The showers shown in figure 3(s-) west of the 
Allegheny Mountains were probably associated with the cold front 
which was too far west to affect longley Field weather. Cumulus- 
congestus and cumulo-nimbus clouds were reported over a. wide region 
of the eastern United States during the afternoon aiid observations 
at Langley Field showed cumulus clouds beginning to form at I030 EST 
with bases from 250O to 3OCO feet. Those developed to heights 
estimated up to 25,000 feet ?md djssipated by l6?0 EST. Temperatures 
in the state of Virginia varied from 84° F to 9^° E at 1332 EST. 

The radiosonde observation at 1255 "LST (fig. 3(t)) revealed an 
inversion at 10,000 feet. Below tho inversion the relative humidity 
was 60 percent cr greater, and above the inversion the relative 
humidity was only I5 percent or less, which suggested subsidence. 

An appreciable amount of energy was available, however, for convection 
that would not be overcome by the iiiversion. 

After the take-off at l4l4 FST, four travorees between the 
levels of 8000 end l4,000 feet were made through a cumulus -congestus 
cloud located about 25 miles northwest of Langley Field. The first 
traverse was made at 1427 EST during the climb, and tho last at 
1447 EST. The cloud w'as then beginning to dissipate after having 
reached a maximum height estimated at ]!6,000 feet . Strong drafts were 
encountered at 32,000 feet and water col-lections vrere noted on the 
airplane during each traverse . A photograph of the cloud at its 
fall stage of development is shown in flgirre 3 (b) . 
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A second cloud, about 30 miles south of Langley Field, with 
the top estimated at 25, COO feet, was svorveyed het^'Tsen the altitudes 
of 21,000 and l6,OCO feet from I505 LST to I536 1ST. Light rain and 
hail were enco-ontered by the airplane dixring all traverses, and 
drafts of s\ifficleiit intensity to carry the airplane upward 
about 1500 feet were encountered during the three highest traverses 
shown in figure 3(^)* 


Tropical Maritime Air Mass, Advection from the South 
or Southwest, Cold Front to the Worthvrest 


Flig h t of AUfVust 2 3. 19Vl.~ A cold front was moving eastward 
on the afternoon of August 23, 19^+1 as shomi in the synoptic chart 
(fig. J!(a)). The cold frc;. i. >?as typical of summer fronts, poorly 
defined at the ground with trop5ca3. maritime air and polar continental 
air on the east and west sides of the front, respectively, and with 
cumulus cl.ouds prevalent on both sides . The tliunderstorm activity in 
the southeastern states might possibly have been associated with 
an ill -defined warm front noted on previous charts for this period 
but not apparent on the chart in figure 4(a) . 

The sounding at 11^7 EST (fig. 4(b)) indicates moderately moist 
air at high altitudes as well as at lower altitudes and a sufficient 
amount of energy available for convection. 

A cumulus -congeatus cloud about 20 miles west of Langley Field 
was selected for survey. This cloud was part of a formation lying 
in an east-west direction with peaks estimated as high as 35,000 feet 
and with bases at 30OO feet . From I500 EST to 1548 EST traverses 
were made through the cloi’.d between the levels of 30,000 and 20,000 feet. 
Strong drafts were encountered at 30,000 feet which carried the plane 
up as high as 31,500 feet. 

Flight of July 3. 1Q41 .~ The synoptic weather chart (fig. 5 (b)) 
show's a quasi -stationary front with several waves to the north of 
Langley Field, with Langley Field situated in advance of the cold 
front section of one of these wa.ves on July 3, 1941. The front was 
observed to pa.ss Langley at 1945 EST xdien the wind, which had been 
south -soutliwest duiring the day, veered to the west -southwest. 

The radiosonde observation (fig. 5(^)) shows high moisture 
content to about 3OOO feet and moderate moisture up to l6,000 feet. 

Above this height the moisture content abruptly decreases. The lapse 
rate indicates that much energy is available for convective activity 
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whether it is forced mechanically or thermally • The thin Isothermal 
layer at 23,000 feot appears insufficient to stop cloud growth at 
this heigiit. 

A large cumulo-ninhus and cumnlus- conges tus formation 
about 30 miles north of Langley Field was selected for survey. The 
formation lay in a northeast-southwest line with bases at 30OO feet 
and tops estimated at 30^^20 feet. A few lightning flashes were 
observed within the clouds at 11,500 feet during the climb. 

Traverses were started at 23,500 feet, Just below the anvil of a 
cumulo-nimbus cloud at IU5T LST, and continued at successively 
decreasing altitudes to 1557 EST. One ll#tning flash was observed 
during the traverse at 26,500 feet. Light rain was encountered in 
bhe lower traverse (about 20,000 ft) ana also in a neighboring 
cumulus “congestus c.lcud at 10,500 feet. 

F light of J-jIv ih. Hie synoptic weather chart (fig. 

show3~thet a cold front wa= approaching the east coast on July 14, 1942. 
At the time of the flight, the front was about 300 miles northwest 
of Langley Field, although the upper vresterly vrlnds (fig. o(b)) 
suggest a fast motion of the front. Hie trough in advance of the 
front moved eastward causing the vrind at Langley Field to veer from 
southwest to west- southwest at 160O EST. Observations at Langley 
Field showed broken cirrus clouds during the morning and afternoon 
changing to scattered clouds by l6C0 EST and disappearing by 1700 EST. 
C’jmulus^'cloud.s began to fona at 1300 EST with bases estimated 
at 5000 feet and tops developing to about l8,000 feet. 

The radio sounding (fig. 6(b)) shows the air to be conditionally 
unstable above the convection condensation level so that clouds 
could form through diurnal heating. 


Seven traverses vere made through a cumulus "Congestus cloud 
about 25 miles northwest of Langley Field between lij-11 EST and 15II EST. 
The cloud top was estimated at 17,000 feet and the base at 5 OOO feet. 
Fig\.-!re 6(b) includes a photograph of the cloud taken immediately 
before the first traverse. 


Flislit of September_3_i_l9kl •“ ^ examination of the synoptic 
chartifig. 7(a)) reveals that Langley Field at the time of the 
flight on September 5, 19^1 situated at the southern end of a 
large warm sector, the air mass being tropical maritime, ounace 
temperatures were 90° F to 93° E in the vicinity . Observations at 
Langley Field showed scattered cirrus clouds to be prevalent all day. 
Cimulus clouds began to form at 1430 EST and developed to heights 
estimated at 31,000 feet. These clouds did not dissipate until 
2000 EST. 
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The radio soimding (fig- TCb)) reveals ample moisture and 
instahilitj for cvmiulus clouds in the afternoon period- 

A line of cumulus -conge stus and cumulo-nim'bus clouds lying in 
a northvrest -southeast direction about 50 miles from Langley Field 
was approached after take-off at 1^500 EST. Four traverses between 
the altitudes of 26,500 and l8,C00 feet were mo.de through a 
diesipo.ting cumulo -nimhus cloud with "base and top estimfi,tsd at 
h500 feet and 31,000 feet, respectively, from 1553 "to 1608 EST. 

Two additional traverses at an altitude of about l6,000 feet were 
made through a neighboring cixmulus -conges tus cloud by 16I7 EST. 


Cold Front Passing, Polar Continental Air 
PepJ.acing Tropical Karitime Air 


Flight of Au -r?ust 1 2. lOUl .- The weather chart (fig. 8(a)) 
shows an active cold front moving toward Langley Field on August 12, 
19hl. At 1330 EST it was only about yO miles to the northwest 
and passed tlie station about midnight. Broken alto -cumulus clouds 
were obcerved at Langley Field until I3OO EST, when cumulus and 
strato -cumulus clouds associe.ted with cumulo-nimbus formations moved 
in from the northwest. The tops of the highest cumulo-nimbus clouds 
were estimated -at 40,000 feet. 

The radiosonde observation (fig* 8(b)) shews that the air msvss 
over Lar^ley Field tos typically tropical mai'itime, which allowed 
a high eftomoon temperature at tho surface- The sounding also 
indicates a moderate amount of moisture al.oft and ample energy for 
towering convection columns . 

At iJilh EST one traverse was be, gun at 28,000 feot through a 
cumulo-nimbus cloud to the southeast of Langley FioD.d. This cloud 
was part of a formatrion which lay in a northeast -southwest line aeid 
moved southeastward. The anvil top was estimated a.t 40,0C0 feet. 

The traverse lasted about 10 minu.tos an.d the airplane left the cloud 
at about 30,000 feat. Before entry, the cloud eppearod very d'u-k 
and turbulent, but with the exception that light rain and hail were 
encountered the traverse was without incident. 


Immediately after the first cloud was traversed, a cumulus - 
congestus cloud, which was of the same formation b’lt whicli appeared 
much less turbulent than the first cloud, war, approached. The 
travc-rso wa.s started at 1^42-9 ^ST at an altitude of "^ 0,000 feet. 

During the next I5 minutes the airplane was carried up to 3^..000 feet. 
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while gunt velocities of about 3C feet per second vrere encountered. 
At this point a slight hreah in the clouds occurred and the descent 
was he gun througli closely packed cumulus -conge stus formations. 

The descent was most difficult to a.ccoJi^lish because of the 
severity of the turbulence and about 20 minutes was required to 
reach 20.000 feet. Heavy rain and lesser quantities of sleet, hail, 
aaid ice vrere encounterced dm-ing the entire period. Shortly after 
IpOO EST descent to 1000 feet had been reached, and landing wa.s 
mde at Richmond, Va. shortly thereafter. 


Najmi Front Approaching, Polar Maritime Air at 
the Surface, Tropical Maritime Air Aloft 


Flight of April 4, 1 941 .- Fiffure 9(a) shows a large -vrave cyclone 
affecting most of the eastern ha.lf of the United States on April 4, 
19^1. Low celling;s and visibilities with liglit steady drizzle, 
typical of the conditions in advance of a shallow warm front, were 
present. Morning observat.lons at Langley Field showed a solid 
alto-cum\\lus overcast with the ceiling,, at 7000 feet and cloud tops 
at 12,000 feet. Thcf clouds changed during- the al'ternoon to broken 
strato-ciuniolus olouds with ceiling and cloud tops at 4000 and 9000 feet, 
respectively . 

The radiosonde observation (fig. 9(t)) shows stable conditions 
aloft, the lapse rate not exceeding the moist adiabatic above 
2000 feet. 


Pecords of gust ve3.ocities were taken diJU’ing; traverses of 
cirro-stratus clouds and a3.so in clear air at altitudes above 
20,000 feet at approxk'oatel.y 1545 EST. Travei'sos were also made 
through lower strato -cimiulus clouds vM.th precipitation being 
encountered at SOOO feet, at approximtely l600 EST. 


Stationary Front to the South Separating T'-opical 
Maritime and Polar Maritiir© Air 


Flight of October 2, 1941 .- A poorly defined quasi -stationary 
front extended in an east-west direction south of Langley Field on 
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OctolDer 2, I941 as shown in figure 10(a). Precipitation did not 
occ^rr generally over the coastal states hut did occur west of the 
mountajns. The presence of the front south of Langley Field is 
home out hy the northeasterly surface wind observed during the 
afternoon accompanied hy cumulus -cloud movement from the southwest 
and alto-stratus I'rom the west. The alto-stratus cover was broken 
during the day and the cumulus clouds began to foim at l400 ESlT. 

The maximum development of the cumulus clouds was reached with 
tops extending up to about 11,000 feet at 1500 EST- All cumulus 
formations dissipated by I63O EST. 

The radio sounding and winds aloft are given in figure 10(b). 
From the sounding it appears that convection could take place because 
of surface heating but might be limited to a height of about 

10.000 feet by the isothermal J.ayer at that altitude. 

Surveys wore made through four separate small cumulus -congestue 
clouds between 1533 EST and 15^1 EST. The cumulus -conges tus clouds 
wore observed to be small laterally end reached altitudes of about 

11.000 feet. 


C0NCI.UDINO EEM/llKB 


Although the preceding gust -velocity measurements were taken 
only within the vicinity of Langley Field, Va., similar conditions 
would reasonably be expected at other points along the eastern 
coast of the United States in similar meteorological situations. 
Gust velocities more severe than those measured within any cloud 
traversed, however, could be encountered because it obviously is 
not possible to conduct a complete survey of turbulence on each 
occasion with the equipment used. 


I^angley Memorial Aeronautical Laboratory 

National Adviaorj’ Committee for Aeronautics 
Langley Field, Via., October 29, 19^6 
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TABLE I . - SYMBOLS ABB NOMENCLATURE USED IN FIGURES 

[All synibols and codes used for the plotting of 
station data are descrihed in reference il 


DO 

station rnod^h PPP 

V WW (^PPa 
QK Vl/^ 
h 


Symbols 

Definitions 

Analysis 

— T T ▼ — 

Surface cold front 

^ m. 

Surface warm front 


Surface stationary front 


Surface occluded front 


Weak surface cold front 


Weak surface warm front 

^ ^ 

Isobars drawn for eveiry 


3 millibars 


Precipitation 

f? 

Thunderstorms 

Kj 

Showers 

V 

Hail 

V 

• • 

Eain 


Lightning 

Air mass (in accordance with reference U) 

mP 

Polar maritime 

m T 

Tropical maritime 

cP 

Polar continental 

1 A / 

Air warmer than 

VV 

underlying surface 

K 

Air colder than 


underlying surface 

Temperature 

e 

Potential temperature. 


degrees centigrade absolute 


Equivalent potential 


temperature, degrees 


centigrade absolute 
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(a) Surface S3moptic 
chart; 1330 EST. 


Figure 1.- Flight of 
XC-35 airplajie. 
August 20, 1942. 
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(b) Atmospheric sounding and turbulence measurements 
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Figure 1.- Concluded. 
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(a) Surface S 3 moptic 
chart; 133D EST. 


Figure 2.- Flight of 
XC-35 airplane. 
September 9, 1942 
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NACA TN No. 1273 Fig. 2a 
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(b) Atmospheric sounding and turbulence measurements. 


Figure 2.- Concluded. 


NACA TN No. 1273 Fig. 2b 
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I Surface synoptic 
chart; 1330 EST, 


jure 3.- Flight of 
XG-35 airplane. 
September 19, 1942 
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NACA TN No. 1273 Fig. 3a 
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(b) Atmospheric sounding and turbulence measurements. 
Figure 3.- Concluded. 
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NACA TN No. 1273 Fig. 4a 



Pressure . mb 


4 


-^0 -40 -30 



■35x10^ 


-40 0 40 

10 xicb - Effective gust i/eloc/tp, 
lie, fps 


^ ^ Ud Id £0 30 40 

Temperature, C nat,oh*, *„ v,so,r 

COMMITTEE FOI AEROMAUTICS 


• (b) Atmospheric soimding and turbulence measurements. 
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Figure 4.- Concluded. 
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(a) Surface synoptic 
chart; 1330 EST. 


Figure 5.- Flight of 
XC-35 airplane. 
July 3, 1941. 
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NACA TN No. 1273 Fig. 5a 
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(b) Atmospheric soimding and turbulence measurements. 
Figure 5.- Concluded. 
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NACA TN No. 1273 Fig. 6a 
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(b) Atmospheric sounding and turbulence measurements. 
Figure 6.- Concluded. 
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NACA TN No. 1273 Fig. 7a 
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(b) Atmospheric soimding and turbulence measurements. 


> 

o 




o 


CO 

CO 


o' 


Figure 7.- Concluded. 
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(a) Surface synoptic 
chart; 1330 EST. 


Figure 8.- Flight of 
XC-35 airplane. 
August 12, 1941. 
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NACA TN No. 1273 Fig. 8a 




Temporaturg , C 
(b) Atmospheric sounding and turbulence measurements 
Figure 8 . - Concluded. 
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NACA TN No. 1273 Fig. 9a 
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(b) Atmospheric sounding and turbulence measurements. 
Figure 9.- Concluded. 
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NACA TN No. 1273 Fig. 10a 
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(b) Atmospheric sounding and turbulence measurements. 
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Figure 10.- Concluded. 
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